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FROM THE CENTRAL COMMITTEE THE COMMUNIST PARTY THE UNION, THE SOVIET 


AND THE PRAESIDIUM THE SUPREME SOVIET THE U.S.S.R. 


DEAR COMRADES AND FRIENDS} 


The Central Committee the Communist Party the Soviet Union, the 
Soviet Ministers the the Party and all the workers 
the Soviet Union with feelings profound grief that the 5th March 
9.50 p.m., after grievous illness Vissarionovich Stalin 

the Soviet Ministers the U.S.S.R. and the secretary the Central Committee 
the Communist Party the Soviet Union died. 


Iosif Vissarionovich Stalin,the companion Lenin and the genius who 
continued Lenin's work, the wise leader and teacher the Communist Party 
the Soviet Union, has 


The name Stalia will forever dear our party, the Soviet Union, 

and the workers all the world. Together with Comrade Stalin created 
the powerful party Communists, educated and molded it; together with Lenin, 
Comrade Stalin was the inspirer and leader the Great Oct tober Socialist 
Revolution and the founder the first socialist state the world. Continuing 
the immortal task Lenin, Comrade Stalin led our country victory over 
fascism the second world war, which has basically changed the international 
situation. Comrade Stalin has armed the party and all nation with great 
and brilliant program for the construction communism the 


The death Comrade Stalin, who devoted all his life the 
service the great projects grievous loss for the party 
for the workers the Soviet all the world. 


News Comrade Stalin's end caused the utmost grief all the workers 
and intelligentsia, all members our glor‘ous army, navy and air force, and 
millions workers all over the world. 


these sad days all the nation will come closer together into large 
brotherly family under the experienced leadership the Communist Party created 
and educated Lenin and Stalin. 


The Soviet nation has inseparable faith in, and with affection 
for the Communist Party its country, since the nation knows that the 
supreme law which governs the activity the party the service the 
national 


All workers and intelligentsia steadfastly follow the policy worked out 
our party, which corresponds the interests the workers, and which 
directed increasing further the strength our socialist nation. The 


= 


correctness the policy the Communist Party has been proved years 
struggle, which has led the workers the Soviet Union the historical 
victory Socialism. this policy, the people the Soviet Union 
under the leadership the party will advance with assurance the 
building comnunism our country. 


Workers our country know that further improvements the material 
being the population all levels, workers and intelligentsia, and the greatest 
pos satisfaction the material and cultural requirements all ociety 
have been and will the object the special care the Communist Party and 
the Soviet Government. 


The Soviet nation knows that the preparedness and might the Soviet 
Government increase all the time,and the party continuously strengthening 
the Soviet army, navy, and air force increase our readiness deal 
shattering blow any aggressor. 


The foreign policy the Communist Party the Soviet Government has 
been and will the firm main*enance and strengthening peace, struggle 
against instigation and preparation new war, policy international 
cooperation and the development trade with countries, 


The nations the Soviet under the true banners proletairian inter- 
nationalism strengthen and develortheir fraternal with the great 
Chinese nation, with tne workers all countries the national democracies, 
and friendly relations with workers the capitalist countries and the colonial 
countries fighting for peace, democracy, ana 


Dear Comrades and Friends. 


The Communist Party the great directing and leading strength the 
Soviet nation its struggle for the building communism. The steel-like 
unity and the solidarity number parties the chief reason for its 
strength and power. must direct ourselves our problems the 
unity the party, educate communists active political fighters for 
bringing life the policies and decisions the and strengthen further 
the links between the party and all the workers because 
this direct contact with the nation lies the strength and invincibility our 
party. 


The party one its most important problems the education 
communists and all workers the spirit the highest political awareness, 


the spirit irreconcilable and firm struggle with internal and external 


The Central Committee the Communist Party the Soviet Union, The 
Soviet Ministers the U.S.S.R. and the Praesidium the Supreme Soviet 
the U.S.S.R. turn these sad days the party and the nation and express 
their firm conviction that the party and all the workers our country will 
rally :ven closer around the Central Committee and the Soviet Government, and 
all their creative energies for the great task building 
communism our country. 


immortal name Stalin will always live the hearts the Soviet 
people and all progressive 


Long live the great, all teachings Marx, Engels, Lenin, and 
Stalin. Long live our powerful country. Long live our heroic Soviet 
nation. Long live the great Communist Party the Soviet Union, 


Central Committee the The Soviet Ministers The Praesidium the 


Communist Party the the U.S.S.R. Supreme Soviet the 
Soviet Union. 
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DIFFUSION ELECTROLYTES AND THE POLAROGRAPHIC METHOD 


THE LIMITING CURRENT THE REDUCIBLE JON THE DROPPING MERCURY CATHODE 


Ya.P.Gokhshtein 


The Vernadsky Institute Geochemistry and Analytical Chemistry, 


Academy Sciences, Moscow 


The Ilkovich equation [1], which the basis quantitative 
analysis,is the following form: 


where the number Faradays electricity required per mole the 
electrode reaction; the diffusion coefficient the ion diffusing 
the electrode surface the units the concentration 
millimols per liter; the diffusion current; the rate 
flow mercury from the capillary the drop time the 
mercury seconds. 


deriving the Ilkovich equation assumed; that there only 
radial movement the surface the mercury, and there only symmetri- 
cal spherical diffusion the growing drop; that the presence large 
excess indifferent electrolyte, the current the reducible 
oxidizable ion consists only the ciffusion current. 


However, study the diffusion electrolytes under conditions 


approximating those which are used polarographic analysis has shown 

that the limiting current the reducible ion the presence large excess 
indifferent electrolyte consists the diffusion current and supplement- 
ary current. The latter originates the first place consequence the 
mixing the liquid caused both the movement the mercury sur- 
face and the away the drop; approach station- 
ary diffusion state for large drop the fact that the 
transport number the ion diffusing excess electrolyte the 
electrode surface not equal zero. 


has also been established that the ratio the radius the drop, 
the moment break away from the capillary,to the effective thickness the 


diffusion layer varies from 5-13 when the drop time varies between the limits 
2-8 seconds. 


The supplementary current,which not taken into account the Ilkovich 
equation,amounts appr_ximately 20% the limiting current. Correct 
calculations the supplementary current enable the polarographic method 
analysis made more accurate. 


The study the effect the concentration the indifferent electrolyte 
the limiting current, and consideration the effect one ion the 
limiting current another ion when they are being determined simultaneously, 
practical interest polarography. 
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and Lingane [3], attempting verify the Ilkovich equation, 
calculated the diffusion coefficient ion means formula: 


Dion ‘ion (2) 


the equivalent conductivity the infinite dilution; 8.317 volts- 


Equation (2) does not take into account the effect indifferent 
electrolyte the diffusing only valid for solutions limit- 
ing concentration. 


and having calculated the values these diffusion coefficients Nernst's 
equation, got between the observed and calculated diffusion 
results and those means the Ilkovich equation amounts 
Kolthoff and Lingare that the significant deviation the latter cases 
caused difference the values the real diffusion coefficients 
the ions, and the ideal values infinite dilution. 


shall consider how much the values the real differ from their 
ideal values. 


Diffusion the Salt and Diffusion the Ion Indifferent 


knowledge the diffusion coefficients under actual experimental 


currents. 


detailed investigation the various methods measuring diffusion 
coefficients, has been established that the diffraction micro-method [4] 
exact and simple method which enables one study the change the 
electrolytes relation the concentration and influence the indifferent 
electrolyte the diffusion coefficient the ion. 


The accuracy this diffraction illustrated the results given 
Table which the experimental values the diffusion coefficients for 


KCl and are compared with Harned's results [5], determined measurements 
the electrical conductivity. 


TABLE 
Differential Diffusion Coefficients KCl and 25°C 


moles per diffrac- electrical moles per 


liter tion conductivity liter tion. 


0.00125 955 1.940 0.001 1.270 1.248 
0.00367 1.928 -0.8 1.225 42.0 
0.00650 1.871 0.0030 1.210 1.199 
0.00896 1.858 0.005 1.190 1.179 
0.012% 1.838 1.840 -0.11 0.01 1.168 


The results Table show that deviations between our values and those 
Harned uot The agreement the case KCl better. the 
case deviations only the apparently because 


the characteristics the electrical conductivity 


The latter method not applicable the study the diffusion co- 
efficients ions, since the electrical corductivity 
mixture does not enable considered. order compare the 
ing currents obtained during the electrolysis salts varicus indifferent 
electrolytes, with results calculated the equation, cerried out 
series experiments the det ¢rmination the diffusion coefficients 
results are adduced Table 


From the results Table the diffusion coefficient 
the salt strongly dependent the concentrations the diffusing salt durirg 
which 


The nature the indifferent electrolyte has considerable effect the 
value the ionic diffusion coefficient. The average value 
lower than the average value for The value 
‘the diffusion coefficient the ion electrolytes present 
large excess the solution changes very little with increase concen- 
tration. E.g.,for diffusion difference between the 
and the case diffusion does rot exceed 


Small deviations the values the diffusion ccefficients the ion 
from its average value lead good results when calculating the limiting current 
the reducible cation from the average value 


TABLE 


Differential Diffusion Coefficients for and Solutions 


0.0106 0.911 0.0072 0.839 0.0362 0.365 
0.0121 0.789 0.0443 0.360 


0.0590 0.791 0.059 0.719 Average 522 Average 0.365 


cm/sec. 


The values the real and ideal ionic diffusion coefficients differ con- 
siderably from each other. Thus, the diffusion coefficient the 
diffusing solution 24% less than the calculated from Nernst's 
equation (for infinite dilution), and medium the value the diffus- 

ion coefficient for 49% less than the value devia- 
tions are observed between the experimental values and those calculated from 
the series experiments the results which are given Table the 
diffusion coefficients not depend the concentration the indifferent 


electrolyte because the concentration the latter almost 17-250 times that 
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Nernst's equation for the diffusion coefficients zinc and lead KCl and 


The concentration the indifferent electrolyte has also large effect 
the value the diffusion coefficient. the presence the in- 
different electrolyte the value the diffusion coefficient the cation 
decreases compared with the value calculated from Nernst's equation. 
The decrease the value when the ratio between the 
trations the indifferent electrolyte and the test salt greater thar 20. 


The results which are adduced Table illustrate the effect the 
toncentration indifferent electrolyte the value Values for 
the equivalent conductivities the ions composing the salts ard the trans- 
port nunber which are calculated means formulas, 
are also given this table. 


bs: caer * xt + ( ) 


the equivalent conductivities ions given concentration. The remain- 
symbols are the same Equation (2). The validity Equaticn (3) was 
proved during the study the diffusion [4]. was established 
the Nernst equation also applicable for moderately dilute solutions 
under conditions where the equivalent conductivities the jons infinite 
dilution are substituted the conductivities the given concentration. The 
the presence various cor.centrations the same indifferent 


enters into Equation (3). 


The equivalert conductivities and Cl” were calculated from the 
experimental values for the diffusion coefficient KCl means 
equation relating with the lonic diffusion coefficients the ions com- 
posing the salt Since KCl indifferent electrolyte, values 
and the values the equivalent conductivities corresponding 
them, with increasing concentration. 


addition indifferent electrolyte the transport number the 
ion decreases 38% compared with 0.415 the absence in- 
electrolyte (Table With increasing concentration the latter 
the value the transport number for the continues decrease insifnifi- 
then remains practically The data given Teble show 
that the value the transport number does not approximate zero. 


The Limiting the Reducible Ion the Presence Excess Indifferent 


Constants the Diffusion Current, and the Supplementary 
Because the considerable deviations the real values the ionic 


diffusion coefficients from their ideal values, large discrepancies are observed 
between the polarographic constants and the constants found measuring the 


For cations the mean deviation amounts for the anion 

The constant the diffusion current depends according the 
equation the values the real diffusion coefficients the ion 
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spherical form, and characterizes only the diffusion current obtained when the 
reduced, 


TABLE 


Change the Diffusion Coefficient the Ions and the Coanges Its Trans- 
port Number with KCl Concentration. 


Calculated 
found ,in 


0.538 


71. 

0.658 72.11 68.0 0.2608 
0.620 71.80 67.0 0.252 
0.595 70.60 65.2 0.2477 


TABLE 


Comparison Experimental Values for the Constants the Diffusion Current 
Certain Ions with These Calculated from the Ilkovich Equation. 


Electrolysis was 25°Cin the absence oxygen *he solution. For 
the electrolysis and the gelatine concentration did not exceed 


Reducible Indifferent fusion polaro- dif- between 
salt Electrolyte measure- graph, fusion equation 
ments) equation, included 


1.83 1.63(10) 1.09 10.859 -26.2 


This value holds for the concentration interval KI03. 
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The constant the diffusion current changes according the nature 
the indifferent electroiyte,as consequence the change the real 
The smaller the value the diffusion coefficient the ion, small- 
the case the current constant found measurenent 
the giffusion, the case the polarographic constant. E.g., for 
the fon 20.5% less than the polarographic constant for 
KCl medium The diffusion current constant for solution 
approaimately 16% less than for KC] the indifferent 


When the reduction potential the cation reached, the flow sub- 
stance the electrode proceeds not only under the influence symmetrical 
spherical diffusion, but also under the influence the mixing the electro- 

diffusion current and supplementary current (Isyp For anions the type 


makes part the value the current. 


During the reduction anions the type 103 and part the sub- 
stance supplied radial diffusion separated from the effective diffusion 
layer and therefore the limiting current becomes less than the diffusion current 


The values adduced the last Table are the constants 
the diffusion current consequence the fact that its value includes the 
value the ion diffusion coefficient infinite dilution. The ideal ionic 
diffusion coefficients calculated means Nerrst's equation have the same 
value for varying indifferent electrolytes. This does not correspond 
actual fact, since the nature and concentration the indifferent electrolyte 
exert considerable influence the real values 


result the constancy the values the diffusion co- 
efficients, get constant values for the arbitrary constants the dif- 
fusion current. The latter not reflect the state things. E.g. 
when solution KCl which contains electrolyzed, the constant 
the diffusion current 7.7% less than Kp. 


During electrolysis solution containing ions, the con- 
stant the diffusion current already greater i4% than found 
experimentaliy. the case elec trolysis containing the 
arbitrary diffusion current approximately greater than the polaro- 
graphic constant. Significant deviations between the calculated and experi- 
mental values for the limiting currents are observed during the electrolysis 


The coincidence between experimental and calculated values for the 
limiting currents certain reducible fons KCl media must therefore 
regarded accidental. Such coincidence was obtained the value 
the ideal diffusion coefficient the cations calculated means 
equation greater than Dion for the actual experimental conditions. The 
enhanced value the ideal diffusion coefficients the cations certain 
extent compensates for the actual difference between the value the constant 
found and the value the arbitrary diffusion current con- 
stant. 


Table Kolthoff and Lingane's [3] (p. not con- 
firm the the numerical diffusion coefficients and the constant 
the Ilkovich equation, since the values Dion calculated means Nernst's 
equation are far from being the true values the ionic diffusion 


studying the diffusion ions electrolyte,as used 
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polarographic analysis,we established that reduction the cation, the 
supplementary current average amounts 23% the true diffusion current, 
reduction anion.the diffusion current the latter decreased 
approximately 


Since the case the cation the dropping mercury 
electrode the supplementary current part the limiting current, and 
value practically the same (for capillaries with drop time 
from 2-7 sec. can general sense calculate what fraction the cur- 
rent the substance arrives the’ surface result the supple- 
mentary effects which are not taken into the Ilkovich 


Generally can write that 


where empirical factor found measurement the diffusion; the 
concentraticn the effective thickness the diffusion 

For 0.23. Then the limiting current the reducible cation can 
expressed the following formula: 


where the radius the mercury drop; 0.857 factor obtained 
from the maximum and average the numerical values 


Ilkovich equation: 


where the real diffusion coefficient ion diffusing in- 
different electrolyte, and the average limiting current. The remain- 
ing legends are the same Equation This equation also trve for 
complex anicns with metal the central atom. 


Equation (7) true only when capillaries wita dropping rates 
seconds are used. 


For anions which are reduced the dropping mercury electrode with 


large overvoltage, such 103 and possible express the average 
limiting current follows. 


(8) 
and substituting numerical values Equation (8), find 
that; 


Equation (9) since the equation for the reduction. 


order check the numerical constant the modified Ilkovich 
Equations (7) and (9), carried out series experiments the electro- 


Oxygen was (by hydrogen) before hydrolysis the nitric 
acid solutions and The nitric acid solution bivalent 
contained not more than Oxygen was removed from the 
ammoniacal solutions bymeans scdium sulfite. The real 
were determined these media means the diffraction 
method The results are given 


TABIE 
Values for the Limiting Current Certain Ions with 
the Calculated Means Equations(7) and (9) 


values. 


1.59 

103 


The Table which show good agreement between obr and cal- 
culeted values the diffusion currents, indicate the correctness the 
constants Equations (7) and (9). 


means the nodified equation possible calculate the 
real diffusion coefficient known and the limiting current 
determined experimentaliy. 


Since has been shown the case the drop- 
ping cathode the current emounts average 23% 
the diffusion current then easy calculate for each actual case. 

calculation the supplementary current enables the effect one 
another during their simultaneous determination calculated. 


For reduction cation: 


This constant not quantity which only determines the flow substance. 
the electrode result symmetrical spherical diffusion; shows vhat 
part the substance aprroaches the electrode surface 
mentary effetts. For anion reduction; 


(11) 


This constant not the diffusion current constant. shows what part 


i . 
_* 
ef 
. 
e 


the substance separated from the diffusion layer because supplementary 
effects which are not accounted for the Ilkovich equation. 


For anions which are reduced the mercury electrode with 
large overvoltage, constant for certain concentration interval. g., the 
constant for has practically the same valué the interval range 0.005 
m-mol/liter, but solutions containing more than 103, 


Lingane and Loveridge checking Equation that the 
polarographic constant not constant, but depends certain extent the 
characteristics the modifying the Ilkovich 
introduce empirical correction the index and propose that 
expressed the following equation; 


This equation, nowever does not eliminate the between the polaro- 
graphic constant and the diffusion current constant. the value the 
diffusion coefficients are substituted Equation (12), then the left hand 
side the equation not equal the right hand side. This inequality 
the consequence the fact that the hand side (1) takes into account 
the flow substance the electrode result spherical dif- 
only, while the limiting current the left hand side the equation 
includes the supplementary current well the diffusion current. 
and Stackelberg [7], considering the variability the polarographic con- 
stant that causedbasically two factors which are not taken into 
account the derivation the Ilkovich equation; the presence con- 
vection current which gives rise the formation maxima the 
voltage curves (since the authors consider this effect can diminished 
addition surface active materials, they accordingly neglect 4t), the low 
value the ratio the drop the effective thickness the diffusion 
layer. This factor considered in.detail Strehlow and Stackelberg. 


introducing modifications into the differential equation for symmetrical 
spherical diffusion, Strehlow and Stackelberg propose the equaticn 
for the limiting current the reducible 


where 17. 
The remaining legends are the same (1). 


order compare the constants calculated means the Strehlow- 
Stackelberg equation with those calculated means Equations (10) and 
and with experimental resuits, carried out series experiments the 
electrolysis various corcentrations salts two indifferent 
and (14) the average values real diffusion coefficients, got the 


shall not dwell this paper the intermediate stages the 


solution the equation for symmetrical spherical diffusion proposed 
Strehlow and Stackelberg. This question will dealt with separate paper. 


Vol. 


Comparison the Values the Experimental Constants and for 
and Various Media 


al) 


t 


. 


11.28. 15.66 


15.66| 


The calculated means (19), (11), and (1%! are taken 
100%. The between the observed values and those calculated from (10) 


This because deriving these equations the average supplementary 
current used, while not into account that this current changes 
with the dropring rate. 


The considerable deviations between the experimental values and those 
calculated means (14) are explained the fact that the supplementary 
current which included the limiting current the reducible ion not 
accounted for Strehlow end equation. the case cation 
reduction the divergence between and positive, while 
for the reduction negative. 


the values the ideal diffusion currents calculated means Nernst's 
equation are substituted Strehlow and equation, then the values 
the constants for KCl come near the experimentsl values. Never- 
theless, the case the seme are observed 
between experimental and calculated values when the equation 
used. was found polarographically that while the 
value calculated from Equation (14) difference 16.3%). 
from theNernst equation included this value the constant. 

For other ions the corstants even greeter extent. 


Thus, agreement between observed and calculated values 


= 86 


the value the ideal diffusion coefficient the magnitude which 
greater than Dion for actual experiments. The enhanced value the 
cationic diffusion coefficient certain extent compensates for the 


ence between and the constant calculated means Strehlow and 
equation. 


From the results Table follows that Equations (10) and (11) are 
They enable one determine the real diffusion coefficient 
the fons with accuracy from the value the limiting current. 


The equation, result the considerable 
divergence experimental ard calculated results, not for 
calculating the limiting current the reducible ion. 


Limiting Current the 


ing current the rate which the reducible ions arproach the 
electrode under the irfluence electrical migration well diffusion. 


Kolthof and [3], takirg basis the theory Heyrovsky and 
the reducible ion, and corsiderirg that the diffusion current shculd change 
aprreciably adding indifferent electrolyte result changes the 
effective diffusion coefficient reducible ion, proposed the following 
ratio between the initial current the absence indifferent 
and the limiting current the presence excess 
indifferent For cation 


For anion reduction: 


electrolyte; the ing current the presence indifferent 


electrolyte, and and are the transport numbers solution not contain- 
ing “electrolyte. 


MacGillavry [8], also derived the equation for the ratio 
for cation 


where and are the valencies the ions the salt the cation which 
reduced; and the mobilities the cation and anion infinite 
dilution; mobility the reducible cation the presence excess 
indifferent salt, and the drorping times constant pressure the 
absence and the presence irdifferent electrolyte,respectively. 


Since 


where the equivalent conductivity the cetion given concentration 
the presence excess salt; the equivalent conductivity 

the fon infinite dilution and the correction for change the drop- 
png tends then equation can written the 
following form: 


Knowing the value the ionic diffusion coefficients, calculated 
the equivalent conductivity and I03 means Equation (3). 


the diffraction micro-method and also electrolyzed these salts with and with- 
out indifferent electrolyte. The results-thus obtained are compared 
Table with the values calculated from (15) and (18). The values 
for the real diffusion coefficients and are taken from Table 


Froa Table follows that the experimental results differ appreciably. 
from the values calculated means (15) and (18). the experimental 
are taken 100%, then for CdCla the retio the initial limiting current 
the current for the presence excess KCl differs from the 
calculated value For the reduction the divergence between 


the experimental value and the calculated value amounts 35%. 


For the reduction the 103 ion, the divergence between experimentai and 
calculated values 


TABLE 


Comparison the Initial Limiting Currents Reducible Ions without Indiffer- 
ent Electrolyte and the Limiting Currents the Same Ions the Presence 
Indifferent Electrolyte! 


S04 


The limiting current corrected for residual current:A KCl; 


Tim 
Calcd. 
from 
2.66 
2.56 


Such considerable difference between experimental and calculated values 
apparently the consequence the fact that the Kolthof and Lingane equation 
does not account fully for the relation existing between the limiting current 


and the mobility the reducible ion the presence excess indifferent salt. 


Moreover,the convection transfer substance the electrode result 


‘the self-mixing the electrolyte not taken into account. 


The Heyrovsky-Ilkovich theory, according which the migration 
equal the product the trancport the reducible ion and the 
value the initial, limiting current, the basis the Kolthof Lingane 


According Heyrovsky and Ilkovich's hypothesis [1, 9], the value the 
transport number addition large excess indifferent electrolyte 
approximates zero. Experimental results show, however, that addition 
large excess the indifferent electrolyte,the transport number the 
not lowered more than 35-40% compared with {vide 
Table 


order check the correctness the Heyrovsky-Ilkovich theory 
the migration which develops _using dropping mercury 
electrolyzed solution containing and determined the initial 
limiting current the reducible ion the absence indifferent salt. 
was electrolyzed. The liniting current addition large excess 
electrolyte (the limiting current corrected for 
residual these values, 1.6 This value agree- 
with the value the ratio the current for Cd?* without 
indifferent electrolyte current the presence excess in- 

Since, according Heyrovsky and Ilkovich's theory, the 
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which amounts 39.4% the value the limiting current for the 


presence indifferent electrolyte. 


The value obtained for the migration current almost double that for 
Which actually remains after addition excess indifferent salt the 
solution the reducible cation. established above that the supplementary 
current amounts 20% the limiting current for the cation obtained 
addition excess indifferent electrolyte. 


These results show that Heyrovsky's and Ilkovich's theory the influence 
the concentration indifferent electrolyte the initial limiting current 
the reducible cation, which based the that the migration 
current decreases exclusively the result rapid the trans- 
port number the ion, not 


the the results given Table has been establisned that 
the equation Kolthof and Lingane and MacGillavry's equation respectively 
are not applicable the determination the ratio between the limiting 
.current without indifferent electrolyte and the limiting current the 
presence excess indifferent electrolyte. 
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concluding this paper, consider necessary very 
the work E.M.Skobets and I.S Kavetsky [10], which was the 


The authors,who developed the method Kolthoff Iaitinen [3], showed 
that measuring the fall the current strength solid electrode during 
the first moments ufter the current kick possible calculate the ionic 


From the results and I.S.Kavetsky follows that the 
electrolytes which are present large excess the test solutions agree 
with the values for calculated from the Such 
agreement, however, contradicts what actually happens, since well known 
that the nature and concentration the indifferent electrolyte exerts 
considerable influence the value the real ionic diffusion coefficient 
(vide the results Table 4). 


coworkers, using the method porous also showed 
that the diffusion coefficient cation the presence large 
excess indifferent electrolyte. 


The agreement between the values the ionic diffusion coefficients 
means equation and the experimental results Skobets 
and Kavetsky indicate the considerable the Kolthoff-Laitinen 
method. 


SUMMARY 
During study diffusion solutions, the concentrations which 

are similar those employed polarographic analysis, has been established 

that the limiting current the reducible ion the presence large 

excess electrolyte consists the diffusion current and supple- 

mentary current. 


has that the value the supplementary current, which 
for the Ilkovich equation, amounts the average 23% 
the basic radial diffusion current when capillaries with drop times from 
2-7 secs. are used. 


modified empirical Ilkovich equation for the reduction 
cations and ions the type 


For anions the type and the mercury 
cathode with 


Equations (7) and (9) are valid for cases where the indifferent electrolyte 
contains only one reducible ion and for with times 2-7 
seconds. 


the limiting current the reducible ion changes result previous 
subsequent discharge another 
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has been shown that the not 
for calculating the limiting current the reducible ion. 


has been shown that Heyrovsky and theory the influence 
the concentration the indifferent electrolyte the-limiting current 
the reducible cation, which based the assumption that the migration cur- 
rent decreaseg exclusively the result rapid decrease the transport 
number the ion, not justified. 


has been established that the equation Kolthof and Lingane and 
MacGillavry's equation, respectively,are not applicable for the determination 
the ratfo between the limiting current without indifferent 
and the limiting current the presence excess indifferent electrolyte. 
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THE APPLICATION THE LIQUID INTERFEROMETER QUANTITATIVE ANALYSIS 


IV. THE QUESTION BREAKS AND THE DETERMINATION THE 
NUMBER FRINGES BETWEEN BREAKS 
I.L.Kukhtevich and 


Dnepropetrovsk Pharmaceutical institute 


Despite the varied application the interferometric method different 
fields analysis [1, 2], the amount work devoted this particular method 
the U.S.S.R. nevertheless comparatively small. 


have shown [3], the basic difficulty carrying out 

using the interferometric method the correct determination the 
interference fringes despite the phenomenon breaks, which observed when 
trying compensate for the difference the optical paths the light pass- 
ing through the test substance and the material used for comparison, respectively. 


Marc [4], first observed the phenomenon when studying colloidal 
solutions dextrin, albumen, gum arabic and other materials means 
interferometric method. Even that time Marc suggested that the reason for 
breaks should sought the difference between the dispersion 
pure water and solution. 


Gans and Bose [5], gave very detailed explanaticn the cause breaks, 
using example the determination the refractive index gelatin sol- 
They considered that breaks are caused the difference 
light the dissolved substance (gelatind and the compensator the 
apparatus. When carrying out interferometric measurements, differences 
the optical paths the light the two cells, when the cells contain materials 
different refractive indexes, are for rotation the compen- 
sator until the upper and lower interference spectra are completely 
identical. obvious that compensation will not occur simultaneously for 
all the light rays, e.g., for the yellow, red, and blue, white the sun, 
consequence the difference their wave lengths and the difference 
the dispersion the light rays produced the test substance and the 
comparator glass. 


If, for very dilute solutions, the difference dispersion the compa- 
rator and the dissolved substance not very important, increasing the 
concentration the solution can increase such extent that two equally 
black fringes, two null positions with difference path one fringe, 
can observed simultaneously the compensation point, develops 
the result the displacement the null position. With further increase 
the concentration being meesured, this phenomenon the displacement the 
null position again repeated after definite number fringes, i.e., 
second break occure, etc. the result this periodic displacement the 
null point, the curve the fringes plotted against concentration 
has step-like character, with intervals one fringe, between the steps. 


Deceased. 
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obtained curves this type for solutions NaOH [3], and also 
for solutions hydrolyzable salts [6]. Other authors have also 
obtained similar curves for other compounds [7-10]. 


confirmation the fact that the reason for this phenomenon breaks 
the differe ice between the dispersion light the compensator and 
the dissolved substance, adduce example the quantitative ratio between 
the dispersion the compensator and that gelatine [5]. When the 
sator calibrated for different monochromatic light, the differences 
the optical the light for any inclination the compensator are 
found similar ratio each other, viz. 


where represents the fringes, 


Nyeliow taken unity and taken for any the drum, 
then the above will 


the refractive index the gelatin denoted then its re- 
the wave length the light can expressed the 


the gelatin ard can represented 
The respective ratios for the gelatin will then equal 


(3) 


Compen sator 
Gela 


the dispersion light the compensator and the solutions 
the test material ---- red, yellow, blue. 
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Three graphs are given Fig. which graphically illustrate the develop- 
ment breaks the result the difference dispersion light the 
comparator and the gelatin. For greater clarity not all the rays white 
light ure considered. only the red, yellow, and blue waves anc they are 
shown the graphs. 


Analysis graphs and shows that for concentrations corresponding 
five spaces the yellow fringes, the phase differences for the red and blue 
light the gelatin and the compensator are still approximately the same, 
but gradually increase with further increése gelatin concentration. 
gelatin concentration corresponding roughly the 15th yellow fringe, 
fairly considerable increase this difference occurs inthe gelatin and 
the compensator for the same wave lengths; this, however, disappears almost 
completely shifting the compensator ene yellow band, shown 


From what has been said follows that for interferometric measurements 
essential take into account this phenomenon since ignoring 
leads rather serious errors. 


previous communications [3, 11], have described the 
the method the determination the concentration 
aqueous solutions number electrolytes, including both strong (HCl and 
and weak (acid and oxalic acids) types. addition, hydrolyzable salts 
and have also been studied. was shown experimentally that 
the measurement the concentrations solutions weak electrolytes for 
which breaks are observed does present any difficulty, and the curve 
relating the number bands the concentration straight line. Curves 
the same type for substances which exhibit breaks have 


understandable that for controlling the titers such substances, 
first all necessary construct step-like calibration curve for 
the concentration range which proposed take measurements, and this 
tedious operation. 


order simplify and facilitate the work, endeavored find out 
1.8 whether not would possible construct step-like calibration curve 
determining the number fringes between the breaks. the course this 
work preliminary measurements were made only few the concentrations, 
instead for all concentrations, order establish the initial direction 
this curve. 


For this purpose made use the following fact principle 
possible determine the refractive index and the dispersion the test sample 
carrying out the measurements and establishing the positions the breaks 
white light, the compensator, however, -having been calibrated beforehand 
monochromatic light. 


Let assume that white light consists only yellow light 587.6 
and blue light 486.1 mu. the abscissa (Fig. the number 
wave lengths the compensator and the dissolved material) are plotted, 
while the number blue wave lesgths and corresponding the numbers 
for the yellow wave lengths, are plotted the ordinate. 


where expresses the ratio the blue and yellow wave the compen- 
sator and equals 1.221, while the analogous ratio for the dissolvec material. 


and the dissolved material, the number blue wave lengths the 
compensator will less than the dissolved material (Fig. 


Fig. Grarh illustrating 
the difference between the 

blue waves the 
compersator and the dis- 
material. 


where denotes 


material. 


lue 


while the number fringes the interval between breaks. 


From Equation (7) foliows krowledge the numerical values 


Further analysis this equation leads the that this 
true for calculating then, naturally the reverse should also 
the rumber fringes the breaks, which equal 
(8) 


Consequently, order find the value for the material, 
first all necessary calibrate the compensator and determine 


the yellow will lead the same state 
affairs the blue, and the difference the 
the dissolved will gradually increase, 
blue waves dissolved material). 
rotation the one yellow 
yellow, the number blue wave lengths 
If, when this occurs, 
the fringes beccme black, then the 
number blue wave lengths the compensator 
number blue wave lengths the dissolved 


material} one. 


This conditior can written follows: 


from which (7) 


“yellow 


‘ 
t 

‘ 


<= 


Since the compensator our apparatus was calibrated the very outset 
this work for the blue and green light mercury, was not difficult for 
calculate for the compensator and for the, NaOH, 


formula could calculate the nymber fringes the interval 
between 


Below give examples our 


Acid 
From the results the calibration was found that 


For measurements 0.028976 the reading the drum white light 


7 


Remembering that and are calculated the formula: 


and substituting the formula the numerical values and 


found experimentally, find that i.e., the number fringes the 
interval between breaks, equal 8.7. Actually, from measurements sol- 
utions HCl found breaks were repeated approximately after 

fringes, (3! 


Sodium Hydroxide 


For concentration 0.053110 the reading the drum white 
light was 893.0 and 38.13. Then 


means Formula (8) find that 15.35 fringes, which agrees with 
the experimental results for measurements solutions NaOH, for which 
was found that the breaks were repeated after fringes 


equal 1.261. Since this case 1069.6 836.9 ther 


Sodium Carbonate and Sodium Bicarbonate 


calculations was found that for solutions the number 
fringes between successive breaks was 18-26. The results the 
tables _onfirm that the first two breaks appear after the interval 
indicated. This interval increases before the appearance the third 


the case bicarbonate, the periodicity the breaks was found, 
similar method, 23.8 fringes, which was confirmed practicé only 
for the first break. The second breax appears after fringes 


can postulated that the anomaly the breaks and the 
break down the periodicity observed the case sodium carbonate ard 
carbonate, respectively, direct consequence the hydrolysis these 


similar calculations and for different concentrations 
and acetic acid solutions which had investigated previously, could find 

breaks. This complete agreement with the experimental results inter- 
ferometric measurements 


Since the considerations and calculations the values and 
adduced above for the electroiytes studied, agree with the experimental results, 
may regard the constructing calibration interferometric curves 
expressing the relation the number fringes the concentration, 
without prelimirary determination the concentration the solutions 
out the required concentration range, and carrying out the measurements 
white light, basicaliy solved. 


only necessary therefore, initially, calibrate graduate) the 
compensator for two different monochromatic lines, and then measuring few 
different concentrations the solution white light the initial direction 
the curve and the origin the first break can determined. Further calcu- 
lations the numerical values and (the number fringes between 
breaks) enables the step like calibratior curve constructed (for liquids 
which exhibit the phenomenon breaks) within the concentration range interest 
the experimenter. 


The construction such step-like calibration curve should facilitate 
and simplify the the liquid interferometer 
other similar investigations. 


For our measurements the Haber-Leve liquid interferometer. 
shall not details for the calibration the compensator and for 
ing out the actual since have done communications 


SUMMARY 
has been confirmed that the breaks which crop irterfero- 
metric measurements number liquids actually develop consequence 


the difference the dispérsion the light the the apparatus 
and the dissolved material. 


Fundamentally the provlem has been solved, and method been 
proposed for the the number fringes between hreaks 
preliminary the dispersion the compensator and the dis- 
persion the dissolved substance, and carrying out the interferometric 
measurements white light. 


method has been suggested for constructing the step-like calibration 
curve number substances without preliminary determination the 
concentration along the whole the curve. 


has been shown that the number fringes the interval between 
the breaks has been corfirmed experimental results the measurements 
HCl, NaOH, and hydrolyzable salts (for the first breaks) white light. 


‘ 


? 
| 
\ 
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The non-appearance breaks for solutions acetic and oxalic acids 
respectively has been This complete agreement with the results 
interferometric measurements carried out previously. 
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ANALYTICAL REACTIONS QUADRIVALENT VANADIUM 


All-Union Scientific Institute for Chemical Reagents (IREA), Moscow 


Although large amount work has been devoted the analytical chemistry 
quinquevalent few analytical reactions have been described 
vanadium compounds reducticm products vanadium, con- 
nection with some other Even the special mono- 

graph the analytical quinquevalent vanadium 
guedrivalent vanedium which are completely stable air, possess 
number characteristic prorerties which are not related aii oxidation- 
reduction reactions. 


These last mentiored are the basically considered the 
present article The fact that the self-contained analytical chemistry 
quadrivalent vanadium has hardly been studied all means serious gap the 


neutral and rot very aqueous solutions, quadrivalent 
present the form the called vanadyl salts, containing 
indicates thet the vanadyl salts are stable enought oxidation aerial 
oxygen. acid solution have less tendency oxidize than, e.g., mer- 
curous and ferrous salts 


Atomic Which Are Characteristic Which React 
the basis the information given and that available the 
literature, possible draw the following 


aquecus solutions reacts easily form the ccmbination 


Accordingly reacts with varicus reagents which salt- complexing 
atomic groups which contain 


The formation simple, combinaticns aquecus media 
not very characteristic; scme more which include 


The formation the combination (amine aqueous media also 
not very characteristic. Such combinations are easily hydrolyzed and are trans- 
formed into the more stable Complex combinations which inciude the simple 
combination V*-N are far more stable. Some the atomic groups, viz., those 
groups which are characteristic reagents giving reactions v4, 
have been described previously [2]. 


addition surplemertirg the reactions dealt with previously, give 
below fuller review atomic groups, the presence which the reagent 
molecules determines the the reagent react readily with quadri- 
valent vanadium aqueous solutions. 


- 
° 


= 3 x 
3 


Oxygen-containing compounds 


Nitrogen-containing compounds 


Sulfur-containing compounds 


(XII) 


Mixed 


(XIX) 


Color Reactions Quadrivalent Vanadium 


Since the color reactions quadrivalent vanadium have already been con- 
sidered shall only adduce few more additional cases the present 


Solutions the normal vanadyl salts have blue color which times 
more intense, and somewhat bluer color than that copper solutions 
equivalent concentrations. has been recommended [11], that this character- 
istic blue color vanadyl <alts used for the colorimetric determination 
The color observable test tube even for concentration 


determined either: the chromophoric action vanadium; or, the 
the molecules the colored reageats. 


The combination exhibits chromophoric action,but the intense color 
however, for compounds which contain the group. 


With the development our ideas about the intramolecular dissociation 
cyclic has now become cleur that the intense color developed 
with reagents which the atom vanadium forming link v*-0, 
some other atom which closely disposed this link, present the 
state. the absence this ionic state the color low intensity. 


this basis the differences structure between the intensely colored 
cyclic salt quadrivalent with pyrocatechol and 
salt formed with salicylic acid can represented follows”; 


Intramolecular ionic state; 
state; intense color. not intense. 


The presence the strongly-manifested ionic state salt (I), and its 
weak manifestation (II) can shown quite easily experimentally means 
the diazonium salts using the method described 


Vanadiun has bond this type the cyclic salts vanadium formed 
with the azo derivatives pyrocatechol and salicylic acid. 


The colors the solutions formed during the color reactions quadri- 
valent vanadium carried out with colored reagents are intermediate between the 
colors the reagents acid and alkaline media. Examples this type 
reaction have been given before and are also included Table 


The effect the color compounds formed during 
the color reactions quadrivalent vanadium with colored and colorless 
reagents not exception the usual rules elsewhere [3]. 


Review Analytical Reactione Quadrivalent Vanadium Which 


Oxidation Reduction Processes 


absence accurate results for the composition these salts, these 
structures must considered schematic and only emphasize the character 
the bond, and not the composition the salt. 
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The reactions which are described below were carried out with solution 
with the requisite amount hydroxylamine hydrochloride and heating the 
The blue solution prepared contained ca. and possibiy 
very small amount excess which has effect the 
tative reactions carried out. For carrying out the reactions the solution 
diluted more times with water. 


For carrying out the reactions described below, solution the test 
observed, 0.5 25% sodium acetate solution 20% urotropine solution 
added increase the pH. Urotropine,ir added excess,will itself 
form with almost white precipitate. The urotropine must therefore 


added amounts which are insufficient lead the formation precipi- 


Below give list the reagents, together with brief description 
the outward effects observed. 


Precipitants Quadrivalent Vanadium 


Brown 
NaF, White precipitate formed even weak mineral acid media. 


precipitate formed. 
Black precipitate. 
Dirty yellow precipitate. 


Organic 


Tannin Blue precipitate. Sensitivity the reaction lug 
Greenish-yellow flocculent precipitate, observable 


3-15. Urotropine, Light brown, almost white precipitates,which heat- 


phenylhydrazine, ing change into grevish brown. The browning 
pyridine, a-amino- with phenylhydrazine than with urotropine. 
pyridine. 
14. addition acid solution sodium acetate 
dirty yellow precipitate precipitate 

formed acid media. 
15. addition acetate dirty yellow precipitate forms 
quinoline which can observed even concentration 

only 


convert into the more soluble sodium salt. The solution evaporated 
gr. 1.12) and 20% aqueous solution hydrochloride,and 
the whole boiled for minutes. The blue solution formed made 


© 


17. Cupferron Grey precipitate observed concentrations 


ammonia, 


22. 


Grey precipitate, soluble ammonia. 


Precipitants Which Form Precipitates Which Dissolve 
Excess Reagent 


Inorgaric 


KOH, NaOH, precipitates which dissolve excess reagent 
give brown colored solution. 


28. Grey precipitate which dissolves large excess 
reagent. 


reagent give green colored solution. 
Vol. 


1953 Yellow-brown precipitate which dissolves 
sulfides reagent give yellcw colored solution. 


precipitate formed,which partially soluble 
excess 


Organic 


Light green precipitate which dissolves excess 
give green colored solution. 


35. KCN 


36. Ethylene- Brown precipitate which dissolves only with difficulty 
diamine excess reagent give ‘yellow-brown colored 

37. Triethanol- Grey precipitate which dissolves only. 

amine excess reagent give dull, lilac-grey colored 

solution. 

38. Thiosalicylic Light greenish which partially dissolves 
acid excess reagent give green 


solution. 


18. Thionalide White precipitate. 

19. Potassium- Green precipitate, which addition sodium acetate 
xanthogenate turns 

20. Sodium di- yellow-brown concentration 

cartamate organic solvents. 

21. Phenylarsonic narrow range pale blue formed 

which dissolves easily acidification, addition 


e 
. 


ITI. Reactions 


Color reactions with colorless reagents 
Clear precipitates are formed (suspensions) 


Tannin 


Blue precipitate. Sensitivity 


Brown precipitate which soluble excess reagent 
give brown colored solutions. 


19. 
xanthogenate 


Gives green precipitate acid solutions, which 
sodium acetate, changesto 
The precipitate can extracted with organic solvents. 


20. Sodium di- 
ethyl-dithio- 
carbamate 


precipitate observable concentrations 
V*/ml. Can extracted with organic solvents. 


additicn non-acid solutions yellow precip- 
itate formed which partially insoluble excess 
reagent. 


Dirty-yellow precipitate. 


Colored solutions (or very fine suspensions) 


39. Solution colored red, when excess added 
becomes yellow. The reaction similar the reaction 


color. The reagent alone under these conditions gives 


yellow solution, which rapidly becomes turbid. 


Black precipitate. dilute solutions rose, violet, 

grey colors are produced, the shade which 
the and the ratio For methods carrying 
out this reaction vide [2]. 


weak acid media gives colors whose shades depend 
the pH. more acid media, the color grey-blue, 
while less acid media the color grey-olive. 


ammonium anthran- 
KCNS 


45. Potassium 
malonate 


46. Potassium 
citrate 


acid 


For concentration the reagent, the 
original blue color the vanadium salt becomes 
times more intense, and the shade changes 


lilac-blue color which times more intense than 
the original color thé 


Blue-violet color, ca. times more than the 
original color the 


Blue-green color, times more intense than the color 
the original solution. increasing the 
intensity 


The increase intensity the color apparently connected with the 


formation soluble complexes. did not investigate how much would 
possible increase the reaction changing the dielectric 


constant the media adding organic solvents, (alcohol, acetone), the 
addition salts. 


= 


48, 49, not react acid media. addition sodium 

gallol, gallic acetate give very irtense color which 

acid blue-black addition ammonia very 
sensitive reaction). 


50. Pyrocatechol Acts like but the color dark 
Sensitivity 


51. 1,2- Blue-green color after addition sodium acetate. 
naphtha lene 


Salicylaldehyde addition sodium acetate gives intense yellow 


TABLE 
Color Reactions with Colored Organic Reagents. 


The structural formulas these reagents are given succeeding pages under 
their respective numbers. 
Reag- solution under 


Chloranilic acid light-rose and ammonia 
yellow added drop- 
wise 
yellow ‘turbid red- 
brown 
light-yellow orange- 

brown 
yellow 
sulfonic acid orange 
Alizarin-S orange 

red 
sulfonic acid 
yellow 
disulfonic rose 
Carminic acid rose alkaline 


violet solution 

reagent 

cidified with 
the 


and then 


VIII, Aluminon almost 


colorless 
VIII, Eriochromecyanine-R rose bright 
turbid 


Sodium rhodizonate yellow 

acid yellow ‘sodium acetate 
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eagent alone 


tions 


weak acid media 
‘colorless, tion 
‘yellow 
acid 
benzene-4- 
acid 
disulfonic acid salt) 
1:10 


hydroxynaphthalene-3,6-disulfonic 
acid 
dihydroxynaphthalene-3,6- 
acid 
VIII son with 
develops ata 
acid higher 
acid 
benzene-4-sulfonic acid 
III orange red- 
acid 
disulfonic acid 


e 


= 
— == 


Formules for the Reagents 


53. Sodium rhodizonate Picric acid 


56. 


65. Eriochromecyanine-R 


sulfonic acid 


55. Chloranilic acid 
63. Carminic acid 


69. 3,4 70. 
acid 


acid xynaphthalene-3,6-disulfonic acid 


73. 


acid 


79. Benzene-2-arsonic 80. 


acid 


81. Rubeanic acid 


- 


IV. Reagents Which Give Rise Chan The Color Vanadyl Salt Solutions 


Without Changing The Intensity The Color 


The blue color the vanadyl salts change into 
83. acid media green color, which addition excess 


reagent changes yellow (oxidation 

Green colors for solutions cooled below room 
Rochelle salt violet color, which becomes pale adding sodium acetate, 
86. Sodium media, give pale violet which changes 


ol. 
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87. Chromotropic When colored preparation chromotropic acid used 
acid green color develops; the reagent itself gives yellow 
solutions 
37. Triethanolamine gives dull lilac solution 
88, Nitrilotri- insignificant change characteristic blue color. 
89. Gives green color acid media, which -turns 
ine yellow-brown; addition becomes brown with 
Thioglycollic Greenish color 
acid 


Masking Complexing Agents Which Not Lead Definite Outward Changes But 
Which Prevent The Formation Of. Precipitates After Addition Ammonia 


91, 92, Give rise appreciable change-in the color to.violet 
Glycerin, mannite, 
Rochelle salt, 
citric acid 
86: Sodium Salicylate, 
88. Nitrilotriacetic Causes insignificant increase the characteristic. 
acid color the 


. 


VI. Not Act Outwardly 
Colorless Reagents 


93-97 

KBr, 
98. Sodium stearate 
99. KCNSe 


acid solutions free stearic acid precipitated 
addition dilute reagent soluticn solutions 
vanadyl saits containing acetate, there are out- 
ward changes 


Colored Reagents 


110. 


Sodium dihydroxy 
tartrate 
Ammonium maleate 
Resorcinol 

Urea Dihydroxytartaric osazone 
Picrolonic acid 

a-Furildioxime Picramic acid 

Diphenylcarbazide Dithizone, shaken with solution 

acid 
Thiourea 

Mercaptobenzothiazol 
(alcoholic solution) 


VII. The Most Sensitive Reactions For 


The reactions were. carried out the dropwise addition urotrop- 
sodium acetate acidified solution containing the reagent 


precipitate: 

000 


Reagent 


precipitate 
colorless blue 
Color 


Pyrocatecho] 
Pyrogallol 


yellow 
colorless 
colorless 


Gallic 


Aluminon 


colorless 
almost color- 
less sclution 


black-blue 


turbid rasp- 


berry 


rose 
Nitroso-R-salt light-yellow 
-nitro- light-yellow 
acid 
rose 
acid [12] 


turbid 


1:250,000 
red-orange 1:500, 


violet 


000 


acid 

sulfonic acid 


lilac 


Complexing Agents For Vanadium 


Any containing any the atomic groups indicated 
and which forms soluble compounds with .can regarded 
masking since the presence the reagent tan mask other 
reactions 


For practical purposes, reagents which contain groups XIV, and 

are worthy attention. Reagents with groups VI, and combine 

very firmly with and can yield soluble compounds; these compounds, however, 

are too intensely colored, and can therefore only used for the 
precipitation 


Nitrilotriacetates, oxalates, citrates and tartrates are 
complexing agents; salicylates are much weaker. 


idea the relative effectiveness various masking 
can gained the résults given Table 


The concentrations complexing agents given below practically-fix 
No. (arsenazo 


Amount complexing agent 
Masked Complexing 
ing atom 
Ditto Rochelle salt 0.00018 0.90 
Ditto Nitrilctriacetate 0.037 0.00018 1.00 
Ammonium oxalate 0.03 0.0002} 1.10 
Ditto Sodium 0.3 0.0018 


standard was first prepared follows. ca. solution 
reagent solution No. .so that the was saturated with respect 
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dilution 
rose 
yellow 


in = 


the quadrivalent vanadium, after which its volume was made ml. 


The amount reagent determined special preliminary experiment. 
Equal amounts soluticn reagent No. solution the optimum 
for the development the color (pH were introduced into two 
identical test tubes. one these test tubes the solution was then 
added small amounts until the violet color which developed did not change 
addition further assumed that this stage the. 
given amount.of reagent 100% saturated with respect vanadium 
was added the other test tube containing the rose-colored reagent solution; 
the reagent then only saturated with respect vanadiua. 


the contents both test tubes are observed together comparator 
after the volumes have been equalized, then the shade produced will correspond 
the the two, solution, the reagent which 50% saturat- 
with (Fig. 1). order determine the amount vanadium 
necessary give this 50% saturation the reagent, the following procedure 
was adopted. The same amount Reagent No. solution was used the 
first test tubes together introduced into third test tube. Subsequently, 
when the necessary has teen attained, standard.solution added 
the third test tube until (after equalizing the volumes) the identical red- 
violet color obtained when the first two test tubes are examined simul- 
taneously the sur the colers. test tubes and 2). assumed 
that this stage the reagent present the third test tube 
sufficient combine with 50% the vanadium. the basis the amount 


reagent No. and the third test tube, the amount reagent 


which the colored reagent 50% combined with the given element 
very sensitive indicator for changes the concentration the free 
ions this element the solution. If, our case, the amount vanadium 
somewhat.less than that required, the red-violet shade will redder, while 
for higher vanadium the shade will bluer. change concentration 
1-2% relative units clearly shown change shade. 


The solution prepared this way with "50% color" can used 
standard for experiments the evaluation the action compiexing 
agents. 


order carry out these masking reactions the same amount Reagent 

No. was used the standard was introduced into test tube and the 

solution adjusted the requisite pH. vanadium was added however, 
not mg; the resultent color was violet. was further established 

what amount the test agent was necessary addto the given solution 

that the color would match the color the standard. Since only 0.1 

vanadium was the was addumed that after attaining this stage 

the 0.1 vanadium excess would combined with the complexing agent 

For the concentrations complexing agents used and under the experimental 


conditions the colors formed the com agents themselves, 
including pyroca echol and pyrogallol, were that there was need 


introduce any corrections for these 


The use such methods for the colorimetric determination the insvability 
constant complexing compounds will described elsewhere. 
fact indicates that the mechanism masking not simple would 

general, color reactions with pyrogallol pyrocatechol are adequate- 
sensitive. The absence colors when only low concentrations these reagents 
are may explained the considerable dissociation the com- 
pound formed, for the suppression which necessary increase the 
concentration the But, the other hand, from the observed facts 
masking, follows that forms compounds with these reagents even very 
(footnote continued next page) 


a 
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Nitrilotriacetates, citrates,-tartrates, oxalates, and 
vanadium very fully. the presence these substances, 


not precipitated alkalis, quinaldinic acid, other precipitants, and does 
not give color reactions, 


course, the oxidation quadrivalent vanadium the quinquevalent 
state can also regarded masking which very reliable. 


IX. Oxidation-Reduction Reactions Quadrivalent Vanadium 


Under the effect oxidizing agents with suitable value the oxidation 
potential, oxidized The graph showing the change the oxidation 
reduction potential system V°/V* with acidity, which shown Fig. 
has been borrowed from the.monograph 'Vanadometry" V.S.Syrokomsky and 
(Metallurgy Press, 1950, Information also given 
this monograph the behavior toward oxidizing agents. 


Fig. Combined reagents for Fig. The relati 


between normal 


potential and concentration (normality) 


oxidized forms oxidation-reduction indicators with values for the 


positive potential starting approximately 1.06 and higher, can also act 
oxidizing agents. 


Color reactions this type are given the widely used oxidation- 
reduction indicator phenylanthranilic acid. (the oxidized form reddish- 
violet while the reduced form colorless), and some other indicators chiefly 


dilute solutions. 


similar state affairs has been observed other cases. The color 
reactions with the same reagent, viz. No. 80, masked low concen- 
trations salicylates, which themselves not give observable colors with 
iron uncer the same conditions. 

also observed that colored complexes barium are masked 
very dilute solutions sulfates which are not strong enough cause the solu- 

would very tempting postulate the formation some intermediate 
compounds during masking; this however requires proof. 


number derivatives phenanthroline (Fe and complexes) and 
diphenylamine, information about which can found textbooks [5]. 


alkaline media strong reducing agent which rapidly oxidized 
aerial oxygen, reduces acid with the formation blue 
color spot test for vanadium), and reduces ferric salts, that 
the ‘ferrous salts formed can detected color reactions with dimethyl- 
glyoxime [8], with o-phenanthroline [13], etc.. 


acid media reduced strong reducing agents and The 
formal potential the system sulfate solutions equal 0.36 


Reagents Which Oxidize 


116. Aerial oxygen alkaline and ammoniacal solutions the brown 
color gradually disappears. 
39. acid solutions red colored solution formed; 


excess used the solution becomes yellow. 
reaction gives the same result asthe well-known 
reaction betyeen quinquevalert vanadium and 


117. Bromine alkaline solution (on addition the 
(bromine water) color changes from brown light green, acid 
solution outward changes are apparent. 


118. Chlorine alkaline media. the brown color disappears. 
(chlorine acid media the blue color changes 
water) 
119. addition neutral (with urotropine) and acid 
solutions V*, the color does not change ‘first. 
eventually acquires green shade. 


presence urotropire) yellow precipitate formed. 
acid solution the blue color changes yellow. 


83. acid neutral solution the blue color 
changes green. 


120. solutions treated with urotropine, before 

the appearance weak turbidity which cayses change- 
over the precipitate present from light brown 
black, gas evolved and the precipitate becomes 
dirty green color. weak acid solutions brown 
precipitate forms, which rapidly dissolves with the 
formation brown colored solution. Subsequently 
light crystalline precipitate Gas evolved 
here also. acid yellow-green precipitate 
formed. 


121. neutral and acid solutions the blue color 
changes green. alkaline media the solution 
decolorized and brown precipitate manganese 
formed. 
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Reagents Which Reduce 


Metallic zinc acid solution the gradually changes from 
blue green (V°) into violet (V*) color. 


there are changes. 
Oxidizing and Reducing Agents Which Not React 
rivalent Vanadiun 


appreciable changes occur acid and neutral 
oxygen (with urotropine) solutionsof standing for 
hours acid solutions salts are completely 
stable the air even when the solutions are heated 


Iodine the addition iodine dissolved alcohol or. 
“able changes take place. 


125. After acidification aqueous solutions 


126. ‘After ‘short heating period changes 
occur acid solutions 


neutralized with urotropine, 


129 alkaline solutions. 


The-Reactions Quadrivalent With ‘The Reactions Other 
Elements. 


The analytical reactions quadrivalent vanadium are 
those quadrivalent titanium, which probably consequence the 
adjacent positions occupied the periodic system. They also. 
resemble each other their chromophoric action. Many reactions quadrivalent 
titaniun are characteristic quadrivalent vanadium, and vice versa. For the 
reactions, however, the acidity must less than for Ti* reactions. This 
the behavior the two elements hydrolysis; salts are 
not easily hydrolyzed those Ti*. using sodium benzoate 
cinnamate possible separate from other cations which 
hydrolyze with greater than [7]. 


With regard the action organic colored reagents with oxygen-contain- 
ing groups, the reactions also resemble those aluminum, the color 
reactions which have been considered before [6]. Both these elements form 
similar colors under similar conditions. The sulfur-contain- 
ing reagents reminiscent the behavior Mo® these reagents. 


Quadrivalent vanadium resembles and titanium its behavior 
toward reagents containing amine nitrogen, while differs considerably from 
(copper, nickel, cobalt). 


Salts quadrivalent vanadium acid solution not oxidize 
the air; alkaline solution, however, oxidation very rapid. Salts 


acid solution are more stable air than ferrous salts; alkali the 
reverse 


- 
t 


list made this article atomic groups, the presence which in. 
the molecules organic reagents determines the capacity these reagents 
interact with quadrivalent vanadium. The behavior toward 129 inorganic 
and reagents, which are divided into groups according the 
analytical effect their reactions (precipitation, color reactions, masking 
complexing agents), considered. list given the most sensitive 
reactions for and the elements whose analytical reactions resemble those 

quadrivalent vanadium are indicated. 
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THE DETERMINATION TUNGSTEN MULTI-COMPONENT 


The widely used method determining steel acid hydrolysis 
not very satisfactory for the analysis multi-component alloys containing 
@ppreciable amounts titanium, zirconium, vanadium, chromium and other 
elements, the presence the elements precipitate tungsten 
trioxide always contaminated with the oxides these metals, that 
corrections must applied, and acid hydrolysis method accordingly becomes 
rather lengthy. 


Application acid hydrolysis method the determination tungsten 

cast iron has the following disadvantages: the graphite which 

the same time the tungstic acid does not burn completely the 
allowed for calcining the precipitate tungsten trioxide; 

temperature leads loss tungsten through For the purification 

tungstic acid from contaminants, successfully applied the method dissolv- 
ing the precipitate ammonia and subsequently precipitating (on acidification 
the with HCl), with such organic precipitants 


The aim the present work was search nev, 
easily available precipitant for tungsten could used routine 
method for the determination tungsten multi-component alloys. 


All the precipitants suggested for tungsten are organic compounds 
ing nitrogen. search for new reagent tested number such com- 
pounds. new reagent which was first applied [5], tried the lactate 
which the lactate the acridine derivative 
infections; fine crystalline powder bitter taste one 


Molecular weight 343.19. 


For preliminary test the reagent precipitant for tungstic acid 
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order establish the composition the compound,a standard solution 
sodium tungstate was made acid litmus with HCl 1.19) and drops 
coagulated precipitate was filtered through No. sintered glass filter 
and washed times with solution. The precipitate obtained was 
dried desiccator after which was transferred oven and dried 

Preliminary analysis the precipitate obtained suggests that one atom 


Calculated from the formula Found experimentally 


W 24 4g W 25.0% 
the basis the results obtained the composition the compound should 
correspond 


(rivanol tungstate) 


tungstic acid, tests were carried out the salts various 
various salts aqueous sulfuric and Qualitative 
tests were made the salts tungsten, bivalent and iron, and 
cobalt, nickel, zinc, cerium, beryllium, titanium, vanadium, 
Chromium, manganese and molybdenum. was observed that "Rivanol" only 
precipitates the tungsten ion 3-4. weak HCl, molybdate 
also precipitated. 


¢- 
The Method Determining Tungsten Solutions Its Pure Salts 


Sulfuric the standard solution sodium tungstate 


made acid methyl orange with sp.g. 1.84, 5-10 aqueous reagent 
added. 


Hydrochloric Acid Solutions standard solution sodium tungstate 
made acid methyl orange the dropwise addition 


drops added excess. 5-10 the aqueous solution the reagent 
then added. 


The precipitate formed, which has creamy yellow color (both and 
HCl coagulates after few seconds the cold. accelerate 
coagulation, the solution may heated water bath. (Solution and precipi- 
tate can left overnight). 


The precipitate filtered through fine filter covered: 
with fine layer ashless paper pulp,and then washea 3-4 times with dilute 


r 
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dried and ignited porcelain crucible muffle, first a-low temperature, 
and then 600°. The weight obtained multiplied factor 


Results for the determination tungsten solutions its pure salts 
determined this method are given Table 


e 


e 
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The results obtained were satisfactory,as can seen from Teble The 
method was therefore tried out standard steels and also multi-component 
alloys, including multi-component cast iron. these alloys 
was separated after dissoiving acid the acid method, and then 
reprecipitated from ammoniacal solution. 


The results obtained are given Tables and 


Steels 


No. 


already the case multi-component alloys which contain 
niobium and tungsten the latter can precipitated various 
organic precipitants after its separation from niobium. this case the 
tungsten found the filtrate after the separation tungsten and niobium 
with mixture manganese sulfate, ammonium chloride and ammonia. The fil- 
made acid methyl orange dropwise addition HCl, spgr.1.19, 
few drops added excess, after which the solution boiled order 
destroy carbonates. The tungsten then precipitated with 


carried out determinations tungsten alloys 
The results obtained were satisfactory. (Table 6). 


TABLE 
No. 


TABLE 
Determination Tungsten Alloys the Presence 


with B-naphtho- method 
uinoline 


1.18 
2.20 
6.10 


No. 


TABLE 
Determination Tungsten Alloys the Presence 


W,% found W,% found 
precipitation 


found 
the 
method 


3.08 
6.12 


TABLE Analytical Procedure 


Determination Tungsten Multi-component 


Alloys Containing Niobium Alloys based iron, 


covalt, and chromium and cast 
precipitation HCl (1:1) with strong 
uinoline completely dissolved 
oxidize it. Alloys ona 
nickel basis are dissolved 
the sdmple has dissolved, (the 
weight taken will 
the amount tungsten the 
alloy) the solution evaporat- 
paste like consistency 


we We we Ve Wwe we we we 


When 3-64 titanium present,the weight alloy taken for analysis 

precipitate tungstic acid. the presence titanium the precipi- 
tate tungsten does not entrap more than does not affect 
the subsequent steps this analytical method, and not affect the complete- 
ness the extraction tungstic acid 


of: 
the alloy 
4,89 5.01 3.76 
1 3.02 3.12 i 0.50 
1.96 
5.00 5.09 


and carefully dried heating thin layer asbestos hot plate. 
HCl (1:4) added the dry residue and the whole heated beaker 
fitted with cover glass for hour moderate temperature. 100 hot 
distilled water then added the solution and the whole heated again for 
another The precipitate tungstic acid which formed filtered off 

‘on fine filter covered thin layer ashless paper pulp and washed 

with 10% HCl um.il reaction for iron given (test the filtrate witha 

plate). 


The washed precipitate and filter are transferred into the same beaker 
which the precipitate was originally the paper filter dis- 
and part hot water),and the whole heated for minutes boiling water 
bath. liquid filtered and the precipitate washed decantation, afcer 
which transferred ashless filter paper and washed with 10% solution 
(by volume) hot ammonia. During this procedure the tungstic acid dissolves 
completely. 


The ammoniacal filtrate acidified (to orange) with HCl, sp.gr. 1.19, 
and added excess. The tungstic acid precipitated 
precipitate coagulated standing the cold water bath; the 
lution can left overnight. The precipitate filtered off, and washed 2-3 
times with dilute HCl, sp. gr. 119, 400 water). 


The washed precipitate transferred weighed porcelain crucible, 
the tungsten, and then temperature not highér than 
The conversion factor 0.7931 for tungsten. 


SUMMARY 


tungsten multi-component alloys (based nickel, 
cobalt, and chromium) and cast iron. 


large amounts zirconium, nickel, cobalt, and 
other alloy components. 


The method beirg used factory laboratories. 
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“NON-DESTRUCTIVE SPOT FOR IRON COPPER ALLOYS 


USING ACID SOLUTION 


Kalints 


The Kirov Ural Polytechnic Sverdlovsk 


large number organic reagents have been proposed recent years for 
the colorimetric determination small amounts iron. These include 
dipyridyl, thioglycollic acid, nitrosc-R-salt etc.. Because the limited 
distribution these reagents factory practice, ammonium thiocyanate the 
reagent most frequently used. 


The thiocyanate reaction one the most sensitive reactions, and has 
been use for long time. Nevertheless not completely suitable for 
the colorimetric determination iron. 


Babko [1], has shown the color caused thé complex ion the 
instability constant which The fact that this constant has such 
high value also determines the large change intensity the color with 
temperature, thiocyanate concentration, and the presence other anions. 


Daniel and Garner found that the color the iron-thiocyanate complex 
not stable even isoamyl alcohol,and that its intensity strongly: 
dependent the nature the acid and the temperature. 


Ovenston and showed that the color only stable (for 20-25 
minutes) when has been obtained under strictly controlled acid and thiocynate 
concentrations, and the use high grade thiocyanate. 


the determination iron copper alloys the “non-destructive spot 
test" method, tried use the very sensitive reaction iron 

with ammoniacal solutions proposed 1914 the Russian 
ecientists Chugaev and Orelkin [4]. Their colorimetric methou consists 
essentially reducing trivalent iron the bivalent state with hydrazine 
sulfate acid solution and then adding alcoholic solution dimethyl- 
glyoxime ammonia until the smell ammonia persists. 


Griffing and Mellon with the view,reduced the trivalent 
iron the bivalent state, and then the color means 
ammoniacal solution ‘sodium hydrosulfite Initially tried 
reduce means stannous chloride with subsequent addition 
sodium hydroxide required alkaline conditions. was found, how- 
ever, that order dissolve the precipitates and formed, 
large excess alkali was the color thus developed had 
shade which was completely unsuitable for colorimetric determination. 


Without taking scrapings, clippings ‘from the metal 
tested. 
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observed that when dimethylglyoxime and excess sodium hydroxide 
wre added the solution iron reduced stannous chloride, color developed 
which did not subsequent acidification. When ammonia was used 
instead NaOH get the requisite alkaline color 
find any mention this phenomenon the literature, 


therefore made more detailed study the conditions formation 
the colored compound and its stability, and also the sensitivity 
the reaction and its possibilities basis for colorimetric method for iron. 


Conditions For The Formation The Color toa solution bivalent 
appear, but into rea rose (if amount iron very small) 
color. 


When sulfurous acid hydrazine sulfate were used reducing agents the 
results were because the development color which-proved 
unstable acid solution, color obtained was stable only when 
NaOH and not was used’ for getting the requisite 


These facts give basis for assuming that stannous chloride and 
haye positive the formation and stabilization the colored 


order the stability. the color carried out series 
this solution was measured into measuring and 3-4 drops 10% 
stannous chloride added. After minute, drops alkaline solution, 
dimethylglyoxime and drops were added. The solution was mixed and 
concentrated added until the precipitate dissolved. When the solution had 


‘Further lots the original solution were then various time 
treated described abpve, and the intensities the colors 
compared visually with the color the first solution. When this was done 
difference intensity was observed between the color the solution prepared 
first and those solutions after various time intervals. 


the series experiments, the color intensity was measured 
with phototolorimeter the UNIKhIM type (without light For 
this purpose colcred solutions various concentrations were prepared. Using 
cell with layer thickness, the value the light absorption for 
colored solutions was measured after minutes,1 hour, etc., from the time 
development. The results obtained are given 


From these results clear that the stability the color 
dimethylglyoxime complex acid solution very high. 


experimentally that the sensitivity the given reaction 
thiocyanate reaction (without extraction). 


was also shown that the colors the reaction obey Beer's law closely 
for iron concentrations less. 


Manganese, cobalt, cadmium, zinc, lead, aluminum, and the alkaline 
elements amounts not more than 100 times that iron not interfere 
with the reaction. Neither copper, bismuth, chromium and 
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interfere, copper. 


TABIE 


Concentratio 


5.1°10 


37.5 


51.5 


Spot Test 


and standard solution. ‘when the colors are matched. 


used the, standard. 


SUMMARY 


sample washed times with 2-3 drops 


wise (5-7 arops) until the precipitate has 
samples are treated thus (The same standard can used for several 


The intensity the red color obtained determined colorimetrically. 
Water used for dilution when matching the intensities the colors the 
test and standard solutions. The amornt iron determined from the formula 


hours 


15.3 
19.9 
51.5 


(1:3) then added and the solution heated the boil. 
sulfide added the hot solution remove the copper. 
sulfides are filtered diameter filter and washed times with 


minutes; for series determinations 10-15 minutes. 
Obtained this method are adduced Table No. 89,with iron content 
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For the determination iron copper alloys, therefore, where the amount 
iron 100-200 times less than that the copper, essential remove 
the copper first. Other which occur the not inter- 


scale readings after; 


hours hours 


15.5 
15.0 
20.1 
36.5 
51.0 


Colorimetric Determination Iron The 


15.3 
20:6 
36.8 
51.5 


Two more drops (according the expected amount iron the alloy) 
nitric acid (1:1) are placed the cleaned alloys surface. 


has finished the solution transferred test tube and the surface the 


water. The filtrate diluted with water and mixed. 

solution transferred with pipet another cylinder, and having added two 

dropr concentrated HCl, drops stannous chloride and drops of. 
20% Rochelle salt are added and the whole heated the boil (to reduce the iron). 


then added, and when the solution has been concentrated added 
Both standard and test 


Some 


has been established that the colored complex formed between di- 


The precipitate 


1-3 the 


where and are the percentages ‘of iron the test 


The time, for one determination, including Cissolving the sample,is 15-20 


the results 


conclusion wish thank I.A.Tananaev for his, advice. 


When the reaction 


Designation 


Deviation 
test sample the method Volumetric 


described method 


(OTsS Bronze) 


S.0. No. 
(Muntz brass) 


(OTsS Bronze) 


methylglyoxime and bivalent iron very stable acid solutions. 


has been shown that the sensitivity the 


has been shown that the reaction bivalent iron with dimethyl- 
glyoxime acid solution can used for the colorimetric determination 
small amounts iron copper alloys. 


LITERATURE CITED 


[1] A.K.Babko, Factory Labs., 14, 1028 (1948). 

[2] and Garner, Chem. 2414 (1935). 

M.Griffing and M.G.Mellon, Anal. Chem. 12, 19, No. 12, 1017 (1947). 
Received February 


TABLE 
found 
0.000 
0.18 (by rating) +0.010 
-0.10 
2.5 
2.63 +0.01 
40.13 
128 
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FURYLDICXIME REAGENT FOR THE GRAVIMETRIC AND 


DETERMINATION OF. NICKEL 


G.A.Goncharova, E.A.Gribova, and 
describes the properties number compounds formed between 
a-dioximes and metals chiefly the eighth group the Periodic 


Table. systematic investigation this class compounds clear 
that many the belonging this class are analytical interest. 


the nickel the given dioxime [2]. The testing new reagent 
is, therefore, both practical and theoretical interest. 


Determination Nickel 


Chugaev was first isolate the nickel derivative 
establish its composition; found 11.85% nickel (the theoretical value 
our disposal had 168.3° and 19-20° 0.22 the 
used 0.2% aqueous solution for determinations and aicoholic 
solution for colorimetric determinations. weighings were micro scale. 
The nickel solution used was standardized gravimetrically, the nickel being 
precipitated the dimethylglyoxime compound The standard solv*ion con- 
tained 1.172 mg/ml. Preliminary experiments indicated that the great 
importance ensuring complete precipitation the a-furyldioxime, The 
nickel solutions were weighed out. The experiments were carried out follows. 
Various amounts a-furyldioxime 100% excess,were added 
nickel solution heated 60-30°. The solution became red immediately and,on 
standing for 10-15 minutes with flocculent, well-coagulated precipi- 
tate dark formed. some tke experiments the precipitate 
had brick-red color, but this did not affect the results. The precipitate, 
which was filtered off porcelain microcrucible, was washed with saturated 
solution nickel a-furyldioxime, and once twice with 


From Table clear that the small amounts must 
carried out from 


The results are given Table 


. 


known that the molecular structure the dioxime affects the 


article the analytical application this reagent. The compound 


- 
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Absolute 


error, 


0.586 8.95 0.528 

9.61 0.538 

0.494 0.483 

0.524 9.61 0.525 
9.61 0.514 


2.1 
4.0 
4.9 
6.17 
6.4 
6.6 
8.0 
10.5 
10.5 
11.1 
11.5 


Precipitation was carried out from acetate buffered solutions (Experiments 


and from ammoniacal solutions (Experiments 6-9); the total volume all 
cases was 20-25 ml. 


range 6.4-10.5. practice, convenient carry out the precipitation 
the presence indicator. used neutral red and phenolphthalein 
indicators, ammonia being added till the color changed, before addition the 


reagent. Nickel was ‘also the a-furyldioxime method thé presence 
other elements. 


Analytical chloride and chloride were used. 
determinations were carried out the presence Rochelle salt, 
10% solution being added for nickel iron and aluminum ratio. 1:10; and. 

when the ratio nickel iron and aluminum was 100, for 
total volume 100 ml. The results adduced Table 


From Table clear that nickel precipitated quantitatively 
the conditions indicated). All the results cited for the gravimetric determi- 
nations nickel are the means replicate experiments. 


The Colorimetric Determination Nickel 
Chugaev [1], who studied the capacity the metal derivatives a-dioximes 
dissolve organic solvents, considered this property indication 
that they belong the class intramolecular compounds. our work 
tested the solubility nickel a-furyldioxime organic solvents form 
colored solutions for colorimetric determinations. Pulfrich photo- 


. 


ppt. 
0.489 
0.487 
0.504 +0.002 
0.508 +0.003 
0.417 


meter was used, and the nickel sulfate used was analytical grade; the solutions 
were calibrated indicated above. The completeness extraction with the 
organic solvent depends very large extent the the aqueous. solution. 
studied the extraction nickel a-furyldioxime from buffered solutiomwith 
from 5.5-9.1 with chloroform and benzene, and found that extraction was 
quantitative within the limits 7.3-8.4. The following conditions were 
observed for the determination nickel solutions its pure salt. 


taken, Ratio found, separating funnel was added 1-2 
solution was alkaline litmus, 
1.07 when 2-3 drops were added excess. 
1:100 1.2 the solution were added 


alcoholic solution a-furyldioxime 

50-100% excess. After gentle 

shaking for 2-3 minutes the layer organic solvent was removed, and the aqueous 

solution was extracted with two more lots solvent each). order 

remove traces water the chloroform benzere layers, the solution was 

filtered through filter paper poured into dry flask where the water 

held the sides the 


that the solubility was greater chloroform, and also 
the chloroform layer separates quicker than the benzene, that all our 
subsequent work used chloroform. Using this method,a light absorption curve 
was taken (Table and Fig. 1). 

Chloroform was used the blank 
the nickel concentration 
was *M,and the cell used was 


Maximum light absorption occurs 
length 432 violet light 
filter was used. Using this light 

curve was 
drawn for nickel for concentration 
range 0.005 0.2 mg,asing 
cell (Table and Fig, 2). 


The colored solutions obey 
Beer's law (from 0.0175 Ni} and, 
the reaction characterized 
high sensitivity; for cell, 

which indicates the color intensity 
used, considerably smaller amounts 


Fig. Light absorption curve for nickel can 


Iron Aluminum Magnesium 
For the determination nickel 


the presence aluminum and iron [3], solution sodium 
tartrate Rochelle salt was added the test The other 


experimental conditions were identical those used for the determination 
its pure solutions. 


TABLE 


0.075 283 
465 0.025 


TABLE The calibration curve was constructed using 


Measurements were made MOSKIP photocolori- 
0.0088 0.328 The results are given Tables and 


0:590 was also established that the presence 

0.111 1.625 magnesium not interfere with the determination 

9.175 2.60 ,of nickel under the conditions uged for the cetermi- 

0.20 2.97 ‘nation nickel its pure salt solutions,as can 
seen from Table 


were also interested studying the behavior 
the dioximes other metals toward organic solvents, particular those 
copper and cobalt,which often accompany nickel its natural state. was 
found that cobalt extracted benzene and chloroforu; maximum 
light occurs the ultraviolet:. The results are not reproducible 
because the difference degrees oxidation the cobalt was 
extracted the bivalent cobalt dioxime. was not found possible 
conditions suitable for the determination rickel with a-furjldioxime the 
preserce cobalt. 


TABLE 


1:100 0.058 0.02 1:100 0.02 
0.116 1:100 0.115 0.041 
0.58 1:100 0.58 0.04 1:200 


quantitatively extracted organic solvents, 
though extraction rather slow (6-7 minutes). The solution the copper 
dioxime chloroform unstable; benzene does not extract even after 
hours. standing for longer a-furyldioxime separates out. This 
oxime has greyish black color,with composition similar that copper 
dimethylglyoxime [2]. 


The absorption spectra for cop pper given Table and 


Maximum light absorption occurs the visible wave length 465 mu, 
somewhat higher than for nickel. Nickel cannot therefore determined 
the presence copper without removing the latter. Alexander 
and Goder [4] suggest method for the separation small amounts nickel 


132 


- 


Fig. Relation between Fig. Light abs sorption curve for 
and nickel concentration, Concentration 


TABLE and copper, first extracting the 


0.02 0.02 sith hydrochloric acid and then 
0.04 1:100 0.04 determined ‘colorimetrically. 
checked this method, and also modified 
slightly. found that can only employed when the copper concentration 


not exceed that nickel. Further detailed examination the method was 
not there fore carried out. 


TABLE 


465 0.50 5000 619 0.075 750 
496 0.46 


SUMMARY 


suitable for the determination small amounts 
nickel, 
The capacity nickel a-furyldioxime give colored solutions 


organic solvents can used the basis of.a very sensitive colorimetric 
method for the determination amounts nickel. 
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FOR THE QUANTITATIVE DETERMINATION THE ESTERS 
PHENYLCARBAMIC ACID 


and N.N.Melnikov 


The K.A Institute Plant Acadeny 
Sciences, Moscow 


recent years organic compounds have finding more and more uses 
various branches agriculture. particular, the esters phenylcarbamic 
acid are being used selective herbicides for the destruction weeds 
the grass family and young crops dicotyledonous plants [1, This 
group compounds also recommended for the treatment root crops order 
restrict their growth during long storage 4]. Such compounds are usually 
used powders. (dusts) which are ground mixtures the esters 
acid with some inert filler (talc, kaolin, pyrophilite). 


compounds can also employed aqueous suspensions, which are prepared 
stirring the requisite powders with 
Despite the practical use the esters phenylcarbamic acid, are 


‘no methods described the literature quantitative determination 

various Only qualitative reactions are described for some the 

‘esters of. phenylcarbamic acid while has been suggested that they 
quantitatively the basis their nitrogen content [6]. 


Very recently method has been determination 
phenylcarbamate [6], based its decomposition with mixture 
ester is, quantitatively broken down give then 


ohvious that such method could not applied for the quantitative 
determination phenylcarbamic esters preparations which contain any other 
products capable evolving CO2 acid solution. 


connection with what has been said carried out number 
investigations methods for the quantitative determination phenylcarbamic 
esters. first studied the determination the esters titration the 
aniline formed during alkaline acid hydrolysis the carbamate with sodium 


4 


studied this method for the ethyl and esters 


result these experiments was established that aniline 
quentitatively released hydrolysis the methyl and ethyl ester 
carbamic acid with KOH aqueous-alcohol solution. This reaction complete 
hours. The not hydrolyzed all under these 
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conditions. 


Complete hydrolysis isopropyl achieved boiling 
with concentrated HCl. 


the baris these results can recommend the following procedure for 
the quantitative determination ethyl 


aliquot the test material containing approximately 6-0.7 
ethyl phenylcarbamate 100 round bottom flask fitted with 
ethyl alcohol then added the the for hours. 


When hydrolysis complete,the reaction mixture quantitatively trans- 
ferred 500 conical The flask and the reflux con- 
denser are carefully rinsed with 150 distilled water, and the washings 
combined with the solution the conical flask. The contents the flask 
are then neutralized with HCl until the solution acid Congo redand 
10% aqueous solution mixture thus obtained titrated against 
stable color for paper when drop the titrated solution 
placed upon after the solution has stood for minutes. blank experiment 
96% alcohol, 20% KOH, and 150 distilled water, which has been 
ized Congo red,and excess concentrated HCl added. 


The percentage ethyl calculated from 


factor used for titrating the sample, the number mls 0.1 
with correction factor used for titrating the blank; and the weight 
sample 


Results for experiments the determination ethyl phenylcarbamate, 
such, and dusting powders,are given Table 


TABLE 


; 


36.42 
41.82 
41.51 
41.38 


dusting powder was used. 


The results given Table for the analysis ethyl phenylcarbamate 
that error does not exceed normal analytical errors for the 


For the determination isopropyl phenylcarbamate, the following procedure 
recommende4. 


0.62 1.034 99.61 
0.62 99.55 
0.62 
0.62 
0.62 1.034 
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weighed into 250 round bottom flask fitted with reflux condenser, 
HCl(sp.gr. 1.16) and distilled water are added,and the 
for hours, When analyzing talc dusts, necessary shake the 
flask frequently during the first 10-15 minutes heating, because the strong 
tendency the reaction mixture foam. This the result the formation 
during the decomposition the carbonates contained tne talc. 


When hydrolysis complete, the contents the flask are quantitatively 
transferred. 500 conical flask. The round bottom flask and reflux 
are rinsed,and the washings combined with the hydrolysis 
the conical flask. 250 water used for washing out the 
flask and condenser. 10% aqueous KBr then added the 
and the whole titrated against 15-20°. The end point deter- 
mined means paper, any color change being observed when 
drop the titrated mixture placed the paper after the solution has 
stood for minutes. When the colored the titration may 


Results some the determinations are given Table 


These results indicate that the error for individual determination does 
not exceed the normal permissible errors for analyses this type. 


Equally good results were obtained for the isopropyl 
phenylcarbamate when the method above for isopropyl 
was employed. 


TABLE 


ol. 


22.99 
1953 23. 
0.4138 22.49 
0.4320 23.49 
0.4068 22.14 
23.03 
23.17 
23.00 
23.10 


Dusting powder containing 1.7% phenylcarbamate was analyzed. 


SUMMARY 


method has been out for the quantitative determination ethyl 
isqpropyl phenylcarbamates, respectively, which suitable for their deter- 
‘mination various products used 


The method based the quantitative aniline hydrolysis 
ethyl phenylcarbamate with potash, and isopropyl phenylcarbamate 
HCl, and the. titration the aniline with sodium 

nitrite. 
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0.20 1.034 
0.20 1.034 
99.70 
0.20 1.034 99.78 
0.20 1.034 99.82 
0.20 1.034 1.690 
0.20 
0.20 1.034 1.690 
0.20 1.034 1.695 
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THE USE DIMEDON FOR SPOT TESTS FOR ALDEHYDES 


and 


The Chernyshevsky State Saratoy 


large number spot tests have been suggested for the detection 


detected with certainty the presence ketones 2). 


has found increasing application for the detection aldehydes. ‘Since this 
reagent reacts with ketones only under exceptional may regarded 
specific reagent for aldehydes The, condensation products dimedone 

aldehydes are colorless; consequently, has not been spot 
tests for aldehydes. 


Reactions aldehydes and proceed follows: 


Thanks the enol character the compounds are fairly 
particular they dissolve dilute alkalis. This property the condensation 
products dimedone with aldehydes can used for spot tests for aldehydes. 

must borne mind, however,that itself possesses acidic properties, 
but, its condensation products with aldehydes, dimedon fairly 
soluble water. 


have shown our experiments that indicators for the saturation 
cannot used for detecting the acid character reaction products 
between dimedone and 

very long ago was proposed that systems formed: 


dissolving silver chromate ammonia ethylenediamine solutions [4] could 
used for the detection the acid character compounds low solybility. 


adding small amount compound can combine with ammonia 
ethylenediamine form complex compound, this equilibrium 


. J bad 
Ay 
? 
. 
. 
. 
i 
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destroyed and silver chromate, which red-brown color, precipitated. 
The condensation products and aldehydes which have low solubility 


can produce this 


II. 


Preliminary experiments showed that both the above systems 
liberate silver chromate the result the absorption ammonia ethyl- 
enediamine under the influence the condensation products dimedon with 
aldehydes. drop solution dimedon saturated the dcold placed 
filter paper, and subsequently drop aqueous aqueous-alcoholic 
solution aldehyde placed the spot thus formed, then drying, the spot 
will colored reddish brown under the influence drop reagent 
solution. The behavior the itself depends the reagent 
soaking with solution containing spot containing the dimeaom 
colored brown color, while ethylenediamine colors the 
spot containing the dimedom light color. 


means this method, aldehydes can detected even the presence 
acids which are fairly soluble water. acids are, present which-have very 
low solubility water, they should first removed the usual methods. 


Since, when working with reagent containing ammonia difficult 
distinguish between the spot ‘and the spot which characterizes the 
product dimedom with aldehyde, the filter papers which the 
spot tests are being carried out are washed after the spot has been dried; when 
this done the the reaction product remains 
definite spot the filter paper. Spots which are formed placing control 
drops the test solution the aldehydes the filter paper are only colored 
when the initial solution contains free acid (the latter can most caseg 
removed washing). The interactions between the equilibrium solutions .of 
the condensation products dimedon. with aldehydes can represented the 
scheme: 


tested number aldehydes (in the form their 2.5% aqueous 
solutions) for their capacity give the reaction considered. 
was shown that formaldehyde, cinnamic aldehyde, o-, end 
benzaldehyde, p-nitrobenzaldehyde, valeric: aldehyde, anisaldehyde, 
piperonal, citral, and furfural all give positive 
reactions. 


Below give the procedure adopted for the means 
equilibrium ammonia and solutions silver 
respectively. 


Detection Aldehydes Means Equilibrium Ammoniacal 
Solution Silver Chromate 
Reagents Necessary 
Dimedone solution. Dimedone dissolved boiling water, and after 
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Equilibrium solution. Freshly precipitated and silver chromate 
shaking, some silver chromate still remain solution 
filtered centrifuged,and the filtrate kept dark cupboard bottle 
with ground glass stopper. Completely clear solutions must used for any 
tests (if any precipitate separates out storage, filtered 


Reaction Procedure 


Eight points are drawn filter paper (one half ashless paper) 
with pencil. Tvo drops solution are placed two the points 
means capillary (control dimedone four the other points 
drop dimedom anda the test solution are placed successive- 
ly. Two drops the aldehyde are placed the two remaining 
spots control spots). The moist spots are dried over heated wire 
gauze dryness,and the filter paper immersed for seconds water 
heated removai from the water bath,the paper rapidly washed with 
stream distilled water and then dried between two sheets filter paper. 
the still-damp paper where the spots are, drops reagent solution are 
placed. When this done the control dimedom spots should remain colorless 
colored weak browm color (an intense color for the dimedom spots 
that the test has not been carried out correctly); the control aldehyde 
spots should not colored all,or should colored more less intense 
color. (The latter the presence large amount acid 
water the test solution). The spots containing dimedone and 
the test solution the presence aldehydes will colored intense red- 
brown color, which very often periodic observed which 
indicates that series concentric colored rings sectors are formed the 


The reaction may regarded positive color obtained those 
points where both dimedom and aldehyde were placed together, while the spots 
where only and the aldehyde were placed remain: colorless, 
the spots for aldehyde are more intensely colored than the 


above for various aldehydes are given in:Table 


TABLE 
Sensitivity the for Detecting Certain Aldehydes Using Dimedom and 
Equilibrium Ammoniacal Solution Silver Chromate 


Sensitivity, Limiting Dilution 


aldehyde 1:80 
Valeric aldehyde 1:40 

1:40 
Cinnamic aldehyde 1:33 
Furfural 1:10 


was water; all the other wer4 dissolved 
alcohol-water 


The large sensitivity range obviously related differences the 
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. 
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solubility the condensation products the aldehydes with dimedom. The 
low sensitivity furfural all probability related the incomplete 
condensation with dimedom the experimental conditions employed. 


Solution Silver Chromate 
Reagents Necessary 


Dimedon solution, indicated above. 


solution substituted for the ammonia solution. 
Experimental Procedure 


Control and test spots were made filter paper above. 


Drops reagent solution are placed the dried paper (without washing) 

the points marked the paper. When this done the control dimedom spots 
are colored light brown; the color the control aldehyde spots determined 
the amount acids test solution. Usuaily they are light yellow 
color. The color the test spots reddish-brown; sometimes 
the color appears the form rings sectors. The difference color 
particularly clear when the paper has been dried. When this done, the contrul 


spots tecome grey-yellow color, while the color test spots does not 
change. 


should noted that the case formaldehyde the test turn 
completely biack after 8-10 minutes, while the spots given the other aldehydes 
not change appreciably the course many hours. The black color 
explained the separation metallic silver; the silver however, not formed 


the resuit "photochemical reaction, since appears dark well 
the light. 


The results given Table illustrate the the reactions 
described. 


Reactions for Detecting Certain Aldehydes Dimedom 
Solution Silver Chromate Ethylenediamine 


Aldehydes inug Limiting Dilution 
Valeric aldehyde 1:1000 
2.5 1:800 
Citral 1:665 
B-Hydroxynaphthoic aldehyde, 1:665 

Piperonal 1:49 


2000 1:10 


The results show that the sensitivity the ethylenediamine reagent 
higher than that the ammoniacal, one which confirms the suggestion advanced 


above that the solubility the condensation product aldehyde with 
affects the sensitivity. 


method can applied for the detection aldehydes actual organic 
anelysis, 


Formaldehyde Methyl The reaction described 


above carried out filter paper using methyl alcohol the test solution. 
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3-4 formaldenyde can’be detected the alcohol. 


Detection Methyl Alcohol The method based the 
oxidation methyl alcohol and the detection the latter. 
3-4 drops the test acetone are placed quartz micro-tube, and some cupric 
oxide introduced knife The tube fitted with capillary outlet, 
the other end leading into another tube containing drop 
from the top end the copper layer and gradually working down, the quartz 
micro-tube heated with micro-burner the course 3-5 minutes until 
the tube has been heated. means capillary,. drop the water used 
for absorption placed prepared and the presence aldehyde 
tested for. The reaction very clear-cut with technical acetone. Chemically 
pure acetone does not give the reaction. 


Detestion Glycerol Aqueous Solutions. The method based 
the conversion glycerpl acrolein and the detection the latter. The 
test carried out the micro-apparatus described above, sodium 
being instead cupric oxide. definite, positive reaction given 
one drop solution aqueous glycerol. 


Vanillin Vanilla. few milligrams finely ground 
vanilla are for 1-2 minutes micro-test tube with 3-5 drops 
aldehyde-free ethyl alcohol. drop the solution obtained tested for 
aldehyde before. clear-cut result given. 


Aldehydes Catalyzate During the contact trans- 
fdrmation certain organic substances, aldehydes are often their 
detection existing methods extremely difficult, though The 
method described this problem solved too. 


particular succeeded detecting aldehydes the water and 
obtained when hexyl alcohol passed ever commercial 
molybdenum catalysts distinct aldehyde reaction was given the 
115-145° fraction, while the other fractions gave negative results. 


SUMMARY 


reaction proposed spot test for aldehyes. The 
reactidn based the use the acidic properties the enol compound 
result the reaction dimedon with aldehydes. 


reagent used for these condensation products are 
and ethylenediamine solutions, respectively,of silver chromate. 


Examples the practical application these reactions are given. 
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M.V.Shchigol and N.B. article the "Quantitative Determination 


Considerable attention has been devoted the Soviet Press the need 
and criticism and self-criticism various fields activity. 
The article mentioned above shows that without self-critical attitude the 
part the research worker the which employs, the experimental 
work can lead errors the part both research worker and reader. 


the basis their work and N.B.Burchinskaya, studied the 
potentiometric titration trivalent iron salts with sodium tetraborate. 
the their the authors deducedthe various 
complex iron borates. 


The potentiometric for investigating complex formation great 
Striking examples the application and development this method 
are founa the work the school Greenberg and others. Shchigol 
and work, however, coarse experimental errors are made and 
easy show that the conclusions which they have drawn are worthless. order 
confirm that the cations trivalent iron and the anions boric acid form 
complex solution, necessary show that these ions actually link up. 
When the potentiometric method used, proof this nature may obtained 

the electrodes whtch are used the indicator have potential which depends 
definite way the concentration one the reacting iorfs. electrode 
which has this property with respect would platinum solution 
containing both ferrous and ferric ions; with the borate anion, 
suitable electrode would any covered with layer the practically 
insoluble borate the metal. The application each these electrodes 
would require additional investiggtion under the given conditions. The 
analysis, courses electro-chemistry, etc.. The authors this article 
did not even take the elementary basis the theory potentiometric 
analysis account. They used platinum covered with platinum the 
indicator electrode. This not completely suitable type hydrogen 
electrode, and its potential depends primarily the hydrogen ion concentration. 
and salts buric acid are known strongly hydrolyzed 
solution. Therefore when one solution titrated against another, 
there will change hydrogen concentration which will completely 
independent whether complex iron borates are formed during titration 
best, even under experimental conditions would difficult achieve 
practice, one might able make only limited and indirect conclusions. 
Shchigel and however measure potentials (which depend said 
abdve hydrogen ion concentration), draw curves, and from the peaks these 
curves "conclude" that complexes are formed, and write their formulas. 


Moreover the authors adduce valves for the instability constants these 
complex iron borates. These values might find their way into reference books 
and into actual practice,since they are pubiished responsible journal, 
while actual fact constants have even more insecure basis than the 
"fact" complex formation. For any ‘the instability constants 
essential that the equilibrium concentretions the components known, 
including the concentration the borate ion. order find this concen- 
tration, the concentration borate not combined complex must known, 


See Consultants Bureau English Translation, page 325 ff. 
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(the authors just did not determine this),as well the the solution 
(which they also and the acid dissociation constant boric acid. 
The results available the literature this last constant are not very 
accurate, the question the state the boric acid solution very 
the constants change considerably with most 
cases generally accepted that the anion pyroboric acid does 
not exist dilute aqueous solutions, being converted under these conditions 
result hydration) into more simple forms the 
fons. Thus neither the expression "instability complex" the 
complexes iron, nor the numerical values adduced the authors 
the article under any foundation whatsoever. 


Among other serious eriors the method adopted,the following must 
mentioned. has been repeatedly requested that any articles which include 
tne results measurements include the chief primary results from 
which might possible get some idea the probable accuracy the 
method and adjudge the results. the article considered,the values 
the potentials themselves are not given, just the values the 
same time, from Fig. can seen that,in all, only 1.5 boray. 
solution was used while potential were made. From these 
results elso, and from the text the same page, obvious that the 
titrations were made dropwise ca. ml). the basis these 
points drop time) curve has been drawn which there are, the 
opinion, peaks, and from which they deduce the existence 
complexes varying number equations are written, the 
physical meaning which most cases cannot interpreted, related 
the titrations. for multi-nuclear compounds are adduced,etc. The 
the conclusions are obvious, even the measurements the 
potentials could give any basis for postulating the formation complexes. 


the first page the article under stated that 
Grop excess borax after the equivalence point leads the formation 
precipitate, obviously the result the break-down complex". 
known,however, excéss coordinating ion usually leads the 
formation more stable complexes (c.f. the effect excess KCN, sodium 
salicylate, sodium oxalate etc., the salts iron and number other 
metals). Moreover, the avthors' contradict one their own 
conclusions the instability constant. From the expression for the instability 
constant, follows that increase the concentretion borate ions should 
lead firmer binding the iron into complex 


has been shown articles Yu.A.Fialkov that the cryoscopic 
method can for the study complex formation solution. 
M.V.Shchigol and however, the elementary rules for 
evaluating the accuracy the and the method observavion. the 
observations they draw curve with (seven: breaks; from the 
tables and the curve, the existence minima are deduced which "confirm the 
formation the iron borates and The most 
elementary considerations shows that one minimum which corresponds the ratio 


probable hypothesis,on the basis the authors' observations 
relative the formation precipitate addition excess borate 
follows. the first stages,apparently, not complex that formed, 
but colloidal solution basic salt which coagulates addition excess 
consequence sharp change thepH the solution. 


hydroxides (ur basic iron, and consequently does not any means 
confirm the formation complex. The authors have nothing say 
why the second minimum the usual hypothesis for the relation 
between the lowering the freezing point and electrolyte concentration 
applied, the existence the second minimum cannot general explained 
that confirm anything except the lack attention paid the authors 
their experimental 


The number such examples can increased considerably. shall only 
state what obvious any analytical chemist, the 
titration iron with borax (with the necess ity determining the free acid) 
practical use. Though should like help comrades M.B.Shchigol 
and N.B.Burchinskaya eliminate the drawbacks their work and use their 
experimental results, cannot see any doing so. The drawbacks 
not just refer individual sections the work; the whole method such 
unsound. 


From what been said the following conclusions can drawn. This work 
before print ing represents best large amount fruitless work. After 

printing” however can only haruful,since sanctions the application 
inadmissible apparatus and introduce very poor quality 

material into the fund scientific knowledge. This make the 

present observations. The editorial board also blame, since, had 

examined the work more would have spotted without 

much trouole that the indicator electrode being used was the wrong one. 


A.K.Babko 


Received November 10, 1952. 


M.M.Shchigol and N.B.Burchinskaya's report was discussed session 
the Analytical Section the Kiev Branch the Mendeleev Society 

4/11/1952. The authors were unable give clear-cut answers observations 
made number comrades including the author the present criticisa. 
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